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Abstract
Because of the implications for behavioral, social, and cultural evolution, re-
constructions of the evolutionary history of human parturition are driven by
twomain questions: First, when did childbirth become difﬁcult? And second,
does difﬁcult childbirth have something to do with infant helplessness? Here
we review the available evidence and consider answers to these questions.
Although the deﬁnitive timeframe remains unclear, childbirth may not have
reached our present state of difﬁculty until fairly recently (<500,000 years
ago) when body and brain sizes approximated what we have now, or perhaps
not until even more recently because of agriculture’s direct and indirect ef-
fects on the growth and development of both mother and fetus. At present,
there is little evidence to indicate that difﬁcult childbirth has affected the
evolution of gestation length or fetal growth, selecting for infants that are
born in a supposed underdeveloped state, although these phenomena likely
share causes.
55
AN44CH04-Dunsworth ARI 26 June 2015 20:1
INTRODUCTION
Bearing and rearing human infants involve processes that appear to be different from those that
perpetuate other lineages. Among primates and across mammals, humans seem to have exception-
ally protracted and painful labor, with a surprisingly high injury and failure rate, and remarkably
helpless babies. Furthermore, a woman’s pregnancy, labor, parturition, and infant care are nearly
always assisted, suggesting that cooperative breeding (Clutton-Brock 2002; Kramer 2005; Hrdy
2009) is adaptive in the human species because of its direct contribution to the reproductive success
of the maternal and paternal lines and its major contribution to that of the offspring.
Reconstructing the origins and evolution of childbirth difﬁculty, as well as its consequences, is
an important anthropological enterprise because (a) childbirth determines whether a lineage con-
tinues to evolve; (b) it has important implications for anatomical, behavioral, social, and cultural
evolution; and (c) researchers have been increasingly interested in applying an evolutionary per-
spective to current childbirth practices. Here we review what is known about hominin parturition,
with a perspective that looks beyond the fossil record. The discussion is focused on answering two
main questions that continue to drive research.
WHEN DID CHILDBIRTH BECOME DIFFICULT?
Human labor is long, difﬁcult, and painful and is burdened by a notable risk of trauma andmortality
to mother and infant (Dolea & AbouZahr 2003, WHO 2005). It is an extraordinary event among
sexually reproducing organisms. To determine when childbirth became difﬁcult, we should ﬁrst
consider the causes. These include a number of factors; however, the causes related to bony pelvic
anatomy and other skeletal traits have received much attention from anthropologists because they
are applicable to fossil analysis.
In association with and, perhaps, in adaptive response to selection for bipedal posture and gait,
the hominin pelvis metamorphosed in ways that included changes to the bony birth canal (Lovejoy
2005). The overall shape of the hominin pelvis became more basin-like—moving the action of
the minor gluteals from the back to the sides, changing their role to support the trunk and body
during the single-leg-support phase of walking and running. In concert with these changes, the
overall shape of the birth canal transformed from an anteroposteriorly elongated opening to an
anteroposteriorly short and mediolaterally oblong one (Schultz 1949, Rosenberg & Trevathan
1995). The pelvic passage, as it exists now, is deﬁned by three planes that differ in shape and
orientation. That is, the ﬁrst aspect that the fetus encounters, the pelvic inlet, is widest in the
mediolateral dimension. Next, the midplane is often the narrowest of the three planes. And ﬁnally
the outlet is widest in the anteroposterior dimension, perpendicular to the shape of the inlet.
Thus, for a large portion, perhaps the majority, of human births, the fetus twists while passing
through the birth canal during the ﬁnal stages of labor as its head and its shoulders navigate
these dimensions of varying size and shape to exit the mother’s body (Abitol 1993, Rosenberg &
Trevathan 2002, Trevathan 2015).
Humans and extinct hominins, with the pelvic indicators of this fetal rotation (or this “birth
mechanism” as it is often called; Rosenberg & Trevathan 2014), appear to require assistance
during childbirth (Rosenberg & Trevathan 2002). Because the baby emerges facing away from
the mother, with its occiput anterior, it is purported to be difﬁcult to pull safely out and up to the
breast. And, in this orientation, it is difﬁcult for the mother to reach down to clear the mucous
away from the baby’s airway so that it can safely endure the entire labor. This fetal rotation caused
by the human pelvic morphology is considered to be a major contributor to childbirth difﬁculty.
So the reconstruction of the evolution of the hominin birth canal has been an exercise in tracing
childbirth difﬁculty.
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Unfortunately, the fossil record for hominin pelves is smaller than we would prefer. There
are few fossil pelvic remains of hominin species that precede those of human-like Neanderthals
and anatomically modern Homo sapiens (Trinkaus 1984, Arsuaga et al. 1999). There are ∼20 total
pelvic specimens for Homo erectus and earlier hominins, most of which are fragments that have
not been useful for answering questions of childbirth evolution. The few pelves that are relatively
well-preserved are incomplete and require reconstruction, which is not performed in exactly the
same way by all researchers. Some pelves have disputed sex and/or taxonomic identities (e.g.,
BSN49/P27, a possible H. erectus from Gona, Ethiopia; Simpson et al. 2008, Ruff 2010). The
individuals are also separated by thousands of miles and millions of years, and a key H. erectus
specimen is an immature male (the “Nariokotome boy” KNM-WT 15000).
It is not surprising that analyses of these few fossil hominin pelves have not converged on a
consensus about the origin or evolution of fetal rotation throughout the hominin clade (Weaver
& Hublin 2009, Chene et al. 2014, and others). Fetal rotation in australopiths is disputed. Re-
constructions and analyses of the pelves of AL 288-1 (“Lucy” from Hadar, Ethiopia) and STS
14 (from Sterkfontein, South Africa) indicate to some that the inlet and outlet are both widest
in the mediolateral dimension; therefore, fetal rotation did not occur in australopiths (Tague &
Lovejoy 1986). Others, however, infer more humanlike rotational mechanics (Berge et al. 1984,
Berge & Goularas 2010). Whether such a phenomenon occurred in earlier hominins such as
Ardipithecus (Lovejoy et al. 2009) remains unknown. It is possible that a humanlike pattern of fetal
rotation began in H. erectus (Chene et al. 2014), but the trait was not necessarily retained in some
Neanderthals (Weaver & Hublin 2009).
Owing to the incomplete fossil record, the evolution of fetal rotation continues to elude
paleoanthropologists. However, as increasing instances of nonhuman primate births are ob-
served, the rotational birth process loses signiﬁcance. That is, nonhuman primates are now
known to be born oriented with the offspring’s head facing occiput anterior as in human
births (Hirata et al. 2011, Trevathan 2015). Regardless, fetal rotation contributes to prolonged
and painful labor in humans, especially when combined with the tight ﬁt between the fe-
tus and the birth canal. So if the hominin pelvis causes present fetal rotation, does it also
cause the present tight ﬁt? And if so, could we trace the tight ﬁt through the hominin fossil
record?
That human pelves are sexually dimorphic in the dimensions that comprise the birth canal is
evidence that selection has favored adequate capacity for reproduction (LaVelle 1995, Simpson
et al. 2008, Kurki 2013). But the well-known obstetric dilemma (OD) hypothesis posits that
selection for bipedalism has imposed a limit on the dimensions of the birth canal and that extant
hominins have reached it. That is, selection ramped up hominin neonatal brain size but was
simultaneously prohibited from easing childbirth and lowering trauma andmortality risks because
increasing the size of the birth canal would negatively impact bipedalism (e.g., Schultz 1949,
Krogman 1951, Washburn 1960, Leutenegger 1982, Trinkaus 1984, Rosenberg 1992, Rosenberg
& Trevathan 1995, Dunsworth et al. 2012, Wells et al. 2012, Roberts & Thorpe 2014). In this
article and elsewhere the OD refers to a human evolutionary hypothesis. However, “obstetric
dilemma” is also used by anthropologists as shorthand for the tight ﬁt between pelvis and neonate at
birth in extinct and extant humans and in other primates, regardless of the evolutionary explanation
(e.g., Wells et al. 2012).
From the OD hypothesis perspective, researchers assume that the greater the biacetabular
distance (between the hip joints), the more work that is required of the hip abductors during
bipedalism, and therefore the higher the cost and/or the lower the efﬁciency. A notable drawback
to the OD is that although the biomechanical theory is sound, it has not been borne out by studies
of human performance. Neither wide hips nor female hips have consistently predicted locomotor
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Figure 1
Tightness of ﬁt at birth is not unique in humans and may precede the modern human postcranium. Filled ovals represent infant crania;
outer ovals are maternal pelvic inlet dimensions, which are scaled so that mediolateral dimensions are equal. Representations on top
show variation in the tightness of ﬁt in a monkey (Macaca), a gibbon (Hylobates), a chimpanzee (Pan), and humans. The four hominin
fossils on the bottom illustrate estimations of the tight ﬁt in Australopithecus (AL 288-1, STS 14, MH 2) and early Homo (Gona).
Adapted with permission from Wells et al. (2012).
economy or efﬁciency (demonstrated and reviewed in Warrener et al. 2015; see also Dunsworth
et al. 2012).
Regardless of whether selection for bipedalism (or some other unidentiﬁed reason) is limiting
the expansion of the birth canal, other nonpelvic traits are contributing to the tight ﬁt: Humans
have relatively large and fat babies with large heads and broad shoulders that approach the
capacity of the bony birth canal (Schultz 1949, Rosenberg & Trevathan 2002, Wells et al. 2012;
Figure 1). The human condition at birth starkly contrasts that of the other hominoids.
When the mother’s body size is taken into account, humans have relatively large neonates with
relatively large heads comparedwith other apes and other primates (Dunsworth et al. 2012). Surely
the high percentage of fetal body fat accumulated in the latter stages of gestation contributes to
neonatal size (Kuzawa 1998, Aiello & Wells 2002, Cunnane & Crawford 2003). And although
hominin adiposity likely increased with encephalization, beginning most notably with H. erectus,
it is possible that large neonatal size began even earlier in hominin history than the genus Homo.
DeSilva (2011) recently made a rigorous attempt to estimate neonatal size across hominin
evolutionary history (Figure 1). By this estimation, it looks like australopiths, with their very
small increase in relative brain size, would have had slightly larger neonates for their body
sizes. Unfortunately, without fossilized mother–infant dyads, comparing unrelated fossil hominin
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individuals with related pairs of living humans will remain a challenge for constructing models
such as DeSilva’s. In addition, the contribution of large neonatal size to childbirth difﬁculty still
depends on pelvic dimensions, which for australopiths (listed above) are known only for two in-
complete specimens. However, it does raise the possibility that the tight ﬁt and, hence, difﬁcult
childbirth arose prior to the modern bipedal skeleton and marked encephalization.
Encephalization likely increased the selection pressure on the size of the hominin birth canal
(Abitol 1987), but whether the small brains of australopiths drove this pressure is unclear. Further
complicating matters, the partial pelvis of the relatively new species A. sediba has been described as
having morphological traits like those suggested to be adapted in Homo for birthing encephalized
infants (Kibii et al. 2011). So it is possible that the capacity to birth large or large-brained infants
arose before the large or large-brained infants did—a scenario that sounds unremarkable given
it is what chimpanzees would experience if they were to become more encephalized or larger,
overall, at birth. Only more fossils will speak to this potential plot twist in the evolutionary history
of childbirth.
In addition to large overall size and brain size, the shoulders also contribute to the tight ﬁt
in humans (Trevathan & Rosenberg 2000, Rosenberg & Trevathan 2002) and possibly affect
the birthing process in apes (Hirata et al. 2011). However, it is possible that human shoulders
contribute uniquely to the tight ﬁt, and if so, then fetal australopith shoulders may not have
caused a problem. The well-preserved scapulae of the Dikika infant show a cranial orientation
of the glenoid fossa (shoulder joint) as opposed to a human-like lateral one, indicating that the
shoulders of australopiths were more ape-like (Green & Alemseged 2012) and may have passed
more easily during parturition than do human shoulders.
The delay in infant cranial sutures may have evolved to deliver large-brained babies. Soft
neonatal heads are suggested to have increased in prevalence as early as Australopithecus africanus
(Falk et al. 2012). However, separate interpretations contest this analysis of the fossil evidence
(Holloway et al. 2014), so this issue, like all the rest discussed so far, remains to be resolved.
Humans are not the only primates to have large neonates relative to pelvic dimensions
(Figure 1). This understanding, partnered with the increasing awareness of social behavior
during nonhuman primate parturition, poses quite a challenge to human uniqueness. The ﬁrst
scientiﬁc observation of wild bonobo birth was recently published, and not only was it attended
by interested group mates, but it added one more data point to the long list of similar observations
published by primatologists since the 1960s (Douglas 2014).
Primate birth is a social event, regardless of fetal rotation or tightness of ﬁt, which suggests
that identifying the origins of these pelvic-based phenomena in hominin history is not a strong
basis for reconstructing a shift in hominin social behavior. That is, we can assume that if ancient
hominins were social primates, then they were true to form during parturition as well. A more
activemidwife-like assistance in childbirth performed uniquely by humansmight require language
to share and preserve that knowledge or a heightened cognitive capacity to create that knowledge
in the ﬁrst place. Such culture is not usually hypothesized to extend any further back than the past
two million years with the origin of the genus Homo (to be generous). Thus, it may or may not be
a coincidence that at least one of the contributors to difﬁcult childbirth, marked encephalization,
arose during the evolution of the genus Homo, but it will be difﬁcult to demonstrate the point
at which a midwife’s knowledge and/or assistance would have become necessary (Rosenberg &
Trevathan 1995). Even with a more complete fossil record, it is not easy to imagine how to
reconstruct whether and how extinct hominins assisted one another in childbirth beyond the
social support that might be universal among anthropoid primates.
Although we do not have direct evidence for the origins or evolution of birthing relatively
large babies, it is easy to argue that this phenomenon contributed to the tight ﬁt. However,
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it is not as easy to argue why the human pelvis contributes, and it is even less easy to argue
that it must. Taphonomy, combined with the unique anatomies displayed by extinct fossil taxa,
and the increasing variation in the hominin pelvis displayed by each new addition to the record
(e.g., Kibii et al. 2011) complicate matters. Looking to the fossil record to determine which
evolving aspects of the pelvis are due to selection for bipedalism is not an easy task, nor is iden-
tifying when the tight ﬁt at childbirth arose or when the corkscrew pattern of exit originated.
The hominin pelvis evolved for numerous reasons over the past several million years, which
makes it unlikely that present human anatomy is what is required for bipedalism, as it is so often
phrased.
Pelvic evolution and present variation are explained by a combination of the following: adap-
tations to locomotion and to childbirth in an evolving body and evolving environment, sexual
selection on an evolving body in an evolving environment, loss of tail, morphological integration,
canalization, phylogenetic constraints, genetic drift, diet, behavior, climate, and other environ-
mental inﬂuences during development or life (e.g., Abitol 1996, Lovejoy 2005, Dixson 2009, Ruff
2010, Grabowski et al. 2011, Lewton 2011, Tague 2011, Betti et al. 2013, Kurki 2013). But during
hominin evolution, selection consistently favored adequately sized birth canals; that much is ab-
solutely clear. Likewise, selection consistently favored neonates capable of ﬁtting through those
birth canals. So the few pelvic specimens in the hominin fossil record are testament to the variable
morphology that has worked both for bipedalism as well as for childbirth over the past several
million years. Of course, that is true only as long as each hominin pelvis on record did not end
up there because of selection against its bipedal or birthing morphology. Fossils may be best for
preserving hominin paleobiology, but they may be blinding us to other signiﬁcant contributors
to childbirth difﬁculty, including, but not limited to, position of the laboring woman; position of
the fetus and the umbilical cord; function of the placenta, uterus, and cervix; muscular and bodily
weakness; slow labor progression; multiple fetuses; preeclampsia; gestational diabetes; and young
or old age at ﬁrst birth.
The most recent and most thorough exploration of causes of childbirth difﬁculty through
hominin evolutionary history was performed by Wells et al. (2012), and followed up by Wells
2015. They noted that although the tight ﬁt between the fetus and the mother’s pelvis may have
occurred millions of years prior, agriculture has had a remarkable, and perhaps the most dramatic,
effect. Agriculture has created opportunities for both malnourishment and over-nourishment,
affecting both the growth of a mother’s pelvis and the growth of her fetus during gestation.
Undernourished mothers can birth relatively large babies owing to adaptive responses to protect
fetal growth during pregnancy (Konje & Ladipo 2000, Prentice &Goldberg 2000), and regardless
of maternal condition, larger babies are associated with longer labors and higher incidences of
medical interventions (Turner et al. 1990). It is highly likely that there was never more childbirth
difﬁculty than there is now and in recent history.
In sum, based on the limited pelvic remains in the fossil record at present, childbirth difﬁculty
may have occurred as early as four million years ago in Australopithecus. But childbirth is a much
more dynamic process than can be reconstructed from bones alone, so the hominin fossil record
provides limited and tenuous information. Thus, it is difﬁcult to explain childbirth difﬁculty with
only the increase in body and brain size and the metamorphosis of the pelvis during hominin
evolution. For now, the answer to the question of when childbirth became difﬁcult is still soundly
answered: when body and brain sizes approximated modern ones <500,000 years ago, or even
more recently when agriculture and its consequences began to signiﬁcantly impact human growth.
Finally, documented social behavior associated with nonhuman primate births weakens our ability
to infer uniquely human social behavior at birth based on hominin pelvic morphology.
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DOES DIFFICULT CHILDBIRTH HAVE SOMETHING TO DOWITH
INFANT HELPLESSNESS?
The OD hypothesis also explains infant helplessness: Seemingly premature human neonates that
require highly invested parenting are consequences of, or solutions to, the tight ﬁt or the dilemma
caused by competing selection for encephalized neonates and bipedal pelves. However, the accu-
mulation of relevant evidence over the years has weakened the OD as an explanation for helpless
human offspring. That is, intense childbirth difﬁculty and intensive parenting are not so easily
explained by bipedal pelvic anatomy. Gestation length, fetal growth, childbirth processes, and
neonatal helplessness are all connected to the bipedal hominin pelvis, but whether they are fun-
damentally inﬂuenced by it is not an easy argument to make.
A core issue here is whether humans are born early or receive less investment in utero
(Dunsworth et al. 2012). However, human gestation is not short and seems to be even longer
than expected for a primate of its body size. Furthermore, a human mother does not invest less
in pregnancy than expected; she bears a large infant with a large infant brain for a primate of her
body size. It is only when neonatal brain size is compared with adult brain size that human infants
appear to be born early for primates.
Humans grow relatively less of their total brain size in utero, being born with only about 30%
of their adult brain size and having to achieve more postnatal brain growth than any other primate
(DeSilva & Lesnik 2006). Chimpanzees grow relatively more of their full brain size than humans
do by the time they are born, but they still get only 40% of the way there. If humans are removed
from the comparison, chimpanzees appear to be born early compared with other primates such as
capuchins, which are born with 50% of their adult brain size (Fragaszy et al. 2004).
So what has driven the tendency to label humans as altricial for so long is, from the infant’s
perspective, the fact that they are born with relatively small brains. That is, humans would need
to gestate about seven more months to be born with the same proportion of brain growth accom-
plished that a chimpanzee has at birth (Portmann 1969, Gould 1977, Leutenegger 1982, DeSilva
& Lesnik 2006). This perspective assumes that brain size relative to adulthood is important for the
timing of birth. Thus it appears that brain growth in utero is truncated, and this is due either to
the OD or to Portmann’s “extrauterine spring” hypothesis (1969); the latter proposes that infants
are born early to experience enriching stimulation outside the womb while their brains develop.
These are the two different perspectives on human gestation length: from the infant brain’s
(OD) and from the mother’s. The former suggests a unique end to gestation in humans, timing
parturition to occur prior to the brain’s lethal enlargement relative to the birth canal. However,
the latter, from the mother’s perspective, suggests a metabolic and energetic end to gestation
because human neonates and their brains are as large or larger than expected for maternal body
size and gestation is as long or longer than expected.
From this maternal perspective, the birth canal coevolved with maternal metabolism to ade-
quately accommodate the upper limit on fetal size that themother’s physiology can tolerate during
pregnancy, which in humans is relatively large. We call this hypothesis the energetics of gestation
and fetal growth (EGG; Dunsworth et al. 2012) (Figure 2). Although the data are far better for
humans, the hypothesis may also apply to other species because, among placental mammals, ma-
ternal body size (a proxy for metabolic parameters) is a good predictor of gestation length, fetal
mass, and fetal brain mass (e.g., Sacher & Staffeldt 1974; Martin 1983, 1996, 1998).
From the EGG perspective, gestation ends and the birth process is initiated when pregnancy
reaches a critical point atwhich themother can no longer support her growing fetus.Thehormonal
cascade that is involved in triggering birth has been described by Ellison’s metabolic crossover
hypothesis (2001; see also Dunsworth et al. 2012). From this metabolic and energetic perspective,
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Figure 2
Metabolic constraint on gestation length and fetal size. Fetal energy demands (blue circles) increase exponentially during gestation.
Maternal energy expenditure (red squares) rises during the ﬁrst two trimesters but reaches a metabolic ceiling in the third, as total
energy requirements approach 2.0× basal metabolic rate (BMR). Projected fetal energy requirements for growth beyond nine months
(blue dashed line) quickly exceed the maximum sustainable metabolic rates for human mothers (horizontal, dotted line). After parturition
(arrow), infant energy demands increase more slowly, and maternal energy requirements do not exceed 2.1×BMR. Required maternal
energy expenditure for a fetus developmentally similar to a chimpanzee newborn (7-month-old infant; blue circle with white asterisk)
would entail maternal energy requirements greater than 2.1×BMR. In humans, maximum sustained metabolic rate is thought to be
2.0–2.5×BMR (Peterson et al. 1990, Hammond & Diamond 1997). Adapted with permission from Dunsworth et al. (2012), which
includes supporting references for the metabolic theory as well as for the data plotted in the ﬁgure.
difﬁcult childbirth has not caused a speciﬁc end to human gestation or required that humans are
born underdeveloped relative to other primates.
Hypotheses that humans are born too soon derive from classic comparisons of newborn humans
to other species. Mammals fall along a spectrum from precocial (relatively more developed) to
altricial (relatively less developed) in their anatomy and behavior at birth and through infancy.
Primates as an order align with the precocial mammals, but humans have been singled out as
“secondarily altricial” (Portmann 1969, Gould 1977), despite being unlike altricial animals in
many ways (Robson et al. 2006, Trevathan & Rosenberg in press).
As knowledge has increased over the past several decades, it has become increasingly difﬁcult
to single humans out as altricial mammals or altricial primates. As mentioned above, the human
brain at birth is absolutely larger than any other primate’s at birth. But unlike altricial mammals,
human eyes and ears are open at birth and relative human furlessness is permanent. Like altricial
mammals, humans can hardly move about independently, but neither do newborn apes (Douglas
2014). Human locomotion appears to be delayed but objectively might not be: When body size
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and foot position are taken into account, humans begin walking just when expected for a mammal
(Garwicz et al. 2009).
Perhaps the most relevant difference between newborn humans and apes is that infant apes
are eventually able to cling to their mothers and infant humans are not, at least not as early in
development. Many factors contribute to human infants’ clinging deﬁcits. Perhaps skeletal im-
maturity plays a role (Watts 1990), as might the fact that humans produce large heavy babies
that have relatively weak muscles. A relatively large head probably slows a human infant’s motor
behavior as well. Prioritization of brain development over muscle development could help ex-
plain human infant behavioral immaturity, as could heterochrony of the development of regional
musculature (Grand 1992, Walker 2009). Certainly the loss of grasping feet and toes during the
early hominin evolution—by the time australopiths made footprints at Laetoli at 3.6 million years
ago—contributes to human infants’ inability to cling as well. Other contributors to so-called
helplessness can be blamed on adults rather than on infants. Perhaps, for primates of their body
size and strength, human infants are a signiﬁcant burden for human caregivers to carry (Wall-
Schefﬂer et al. 2007). Variation in parental behavior also contributes to the timing of infant motor
skill development; humans living inWEIRD (Western, educated, industrialized, rich, democratic)
populations have been associated with delayed onset of infant sitting and walking (Kasarik et al.
2010). Surely observations restricted to WEIRD populations are biasing how we perceive infant
human development in an evolutionary framework.
In sum, little about human pregnancy, gestation, and fetal growth suggests that infants are
born early or too soon, which suggests that difﬁcult childbirth due to locomotor constraint on
the bony birth canal is not a strong explanation for the timing of birth or infant helplessness.
Humans appear to reach a metabolic capacity around nine months of gestation, and combined
fetal–maternal metabolic stress is a solid hypothesis for what initiates the birth process. It is not
clear whether it will be possible to demonstrate that the bipedal pelvis has truncated gestation
or fetal growth, resulting in the birth of underdeveloped neonates. Factors that contribute to
childbirth difﬁculty—such as overall size and adiposity of the infant, and muscular weakness and
bipedalismof the infant and themother—may also contribute to infant helplessness.Their inability
to cling combined with their large size and the species’ deﬁcit in muscular strength, in both infants
and caregivers, help tomake human offspring a burden that is mitigated with cooperative breeding
and culture. Whether helpless infants selected for cooperative breeding and culture, or whether
the latter allowed for the former, is likely to remain a puzzle for those attempting to untangle
these phenomena.
EXPLORING FURTHER
Not only is the human birthing process long and painful, but it is burdened with an injury
and mortality risk to the fetus and the mother that is exceptional among primates. Moreover,
few women bear offspring unattended or unassisted. What the mother and fetus experience
and the cultural nature of it are both deﬁning traits of the human species. With enough ev-
idence, we should be able to determine whether the differences we observe in humans can
be attributed to their unique adaptation and whether the species’ brand of reproduction can
be evolutionarily linked to other traits that arose in the lineage such as bipedal locomotion,
encephalization, intense prosociality, heightened cognition, and culture. Reconstructing the
evolution of childbirth, both for the sake of knowledge but also for the potentially positive
impacts on present childbirth practices and outcomes, makes it an important enterprise de-
spite the numerous questions that remain and the impressive workload that still needs to be
accomplished.
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With the discovery of each new fossil hominin pelvis, or with each new, alternative pelvic
reconstruction, there will be new light shed on the evolution of childbirth. With greater under-
standing of the link between anatomical variation and function, paleoanthropologists will better
be able to tease apart pelvic adaptations for childbirth that might be compromised by those for
bipedalism and vice versa, in both living and extinct hominins. This work will be easier as sexual
dimorphism, particularly in the pelvis, is better understood through hominin history (Plavcan
2000). Functional interpretations of the hominin pelvis will also be easier as the model for the last
common ancestor between humans and chimpanzees is better understood. Perhaps we have been
downplaying how monkeylike hominin ancestral anatomy was and studies of both living and fossil
apes and monkeys will continue to improve the human anatomical and behavioral models for the
earliest hominins.
Furthermore, with an increased realization among paleoanthropologists that females are the
gateway to continued evolution (Wall-Schefﬂer 2012), it is possible that the pregnant and lactating
hominin female will garner more intense and creative scientiﬁc study by paleoanthropologists and
other scientists. Human skeletal (and other) traits in females, and even in males, are likely the
product of natural selection on the childbearing and -rearing female. Although it is exaggerated
in women, the lumbar lordosis may be one such trait (Whitcome et al. 2007). Perhaps the pelvis
is limited or altered in certain dimensions not for bipedal walking and running for all hominins,
but because of selection for the locomotion of pregnant females or females carrying infants (Wall-
Schefﬂer et al. 2007). Perhaps sexual dimorphism is diminished in humans not because males have
decreased in size but because females have increased. Bearing and rearing large infants might not
have evolved if hominin females were appreciably smaller than males. There is clearly still much
to be gained from studying and augmenting the hominin fossil record; however, other types of
research potentially hold greater promise for answering interesting questions about the evolution
of childbirth.
There is still much to learn about pregnancy, parturition, infancy, and infant-rearing in non-
human primates. Nonhuman primates hold many, if not most, of the answers to our questions
about what makes human childbirth comparatively difﬁcult and what makes human infants (and
parents) comparatively helpless. Data from behavioral observations will be crucial, including data
on pregnant female primate locomotion, sociality, diet, caloric intake, fat deposition, weight gain,
oxygen consumption, and sleep behavior, as well the equivalent data on infants and lactating fe-
males and alloparents. Metabolic, endocrinological, and other physiological evidence for all these
phases and events in life will be increasingly important, as will intensive anatomical study of fetal
and infant ontogeny, especially when linked to the behavioral and physiological data. Increased
understanding of behavior, especially positional and social behavior, during labor and parturition
will be insightful. Pregnancy and lactation energetics will be keys to understanding whether a
species is gestating and nursing to a metabolic and/or energetic maximum or whether it is altering
gestation and fetal growth and lactation compared with predictions.
Without increasing our ability to make primate comparisons, there is little hope for knowing
how bipedalism, adiposity, taillessness, encephalization, culture, etc. contribute to the evolution
of pregnancy, childbirth, infancy, and how we parent and alloparent. The primate studies (and
those of all placental mammals relevant for answering these questions), especially those focused on
metabolism and behavior (Pontzer et al. 2010, Thompson 2013, Pontzer et al. 2014), are crucial if
we are to explain how humans have such costly infants yet have much shorter interbirth intervals
than do the rest of the hominoids. Without more comparison we cannot know how costly human
pregnancies and the resulting infants truly are, and for example, we cannot understand the role of
the placenta and how it varies in relation to other traits among species. Primates that regularly birth
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twins and practice cooperative breeding, such as marmosets, hold great potential for answering
many questions about reproductive physiology, metabolic limits, and behavioral correlates (e.g.,
Rutherford & Tardiff 2008).
Published data such as gestation length may appear to be straightforward but, in fact, are not
(Borries et al. 2013). And as more and better gestation data accumulate, especially for apes (e.g.,
Wildman et al. 2011), it may be possible to reconsider whether human gestation is comparatively
short, or for example, if species that lack restrictive bony birth canals [cetaceans and sirenians
(manatees and dugongs)] have comparatively long gestations. If they do, then humans would not
be unique in having a life history altered by the pelvis, and therefore the OD might not seem so
unlikely despite the metabolic hypothesis.
The trigger or, perhaps, multiple triggers that initiate human parturition remain unknown
(e.g., Newman et al. 2014). This seems like an important area for intense research focus both on
humans and on their closest primate relatives. The clinical implications are, of course, signiﬁcant,
but such knowledge would also shed light on why chimpanzees and many other primates and
mammals give birth so far in advance of reaching a pelvic limit.
How do we use any of this evolutionary perspective to inform current childbirth practices?
Attempting to answer this question will breach the bounds of this article (see Liston 2003, Roy
2003, Pike 2005, Rosenberg & Trevathan 2007, Wittman & Wall 2007, Davis-Floyd & Cheyney
2009, Brown et al. 2013, Basso 2014, Newman et al. 2014). However, the OD is very much a part
of the present zeitgeist; it factors into how parents are advised to parent their seemingly altricial
infants and how women elect to schedule cesarean sections out of fear of childbirth. The typolog-
ical thinking applied to fossil hominin pelvic analyses and favored in an OD framework may be
limiting present appreciation for the normal variation in pelvic anatomy and the birthing process
that has been tolerated by natural selection (Walrath 2003). Furthermore, medical professionals
might believe that cesarean sections are an evolutionary imperative (Weiner et al. 2008) rather
than a cultural one, which may lead some practitioners to perform interventions when they are
unnecessary. Judging whether interventions are necessary, however, is far from easy, especially
while armed with the culture and resources to reduce mortality risks to mothers and infants. In
addition, larger babies seem to exhibit better postnatal cognitive outcomes (Figlio et al. 2014),
so pregnancies that test the limits of the pelvis, and births that occur in operating rooms, may
exemplify a different kind of reproductive success than hominins knew for most of evolutionary
history. Childbirth in this present chapter of hominin evolutionary history should prove to be a
wonderland for anthropologists. Answering questions directly and indirectly related to the evolu-
tion of childbirth may never satiate our quest for speciﬁc details about hominin prehistory. But the
answers will shed light on how humans have come to dominate the planet in spite of the difﬁculty
we face in bearing infants.
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